Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen Zwecken und zum Privatgebrauch gespeichert und kopiert werden.
Background
The supply chain includes all the activities related to the processing of materials and the conversion of goods from the stage of raw material to the stage of delivery to the final customer, as well as the informational and financial processes related to them, along with coordinated and integrated management (Shafia et al. 2008) . In a broader sense, a supply chain consists of two or more organizations that could be companies which produce parts, constituents, and final products or they could even include the supply-and-distribute service providers or the final customer as well (Supply Chain Council 2008) . The most important factor in the successful management of the supply chain is a reliable relationship among the partners in the chain in such a way that they can have mutual trust in each others' capabilities and activities. Therefore, in the development of any integrated supply chain, increasing the confidence and trust among the partners and devising the reliability for them are the crucial factors to achieve sustainable success (Ghazanfari and Fatholla 2006) . In the current industries, choosing business partners and establishing a successful and sustainable communication with them regarding the previous standards and criteria is not feasible. Hence, determining the quantitative criteria and parameters through which the most suitable partner could be chosen seems to be useful. The reliability factor is also one of the most effective criteria which mean the probability of the intact and flawless performance of the system for a definite and pre-scheduled period of time (Haj Shirmohammadi 2002) . On these grounds, the present paper aims to study the reliability rate in the supply chain model and to determine whether the relationships within the supply chain have a high reliability rate or not. In order to study this, the 'supply chain operational reference' (SCOR), which is a valuable tool to analyze supply chains, has been used. The SCOR model supports the operational evaluation metrics at three levels. The metrics of level one provide an approach to supply chain in order to assess management, and the metrics of levels two and three include more specific and detailed criteria regarding the categories and elements of the processes. The metrics of level one are systematically divided into five operational criteria, three of which, reliability, flexibility, and responsiveness, are customer-facing attributes, and the other two, costs and assets, are internal-facing ones. Each of these metrics is further divided into minor metrics at the lower levels (Supply Chain Council 2006) . The rate of reliability, which is the operational criterion discussed in this article, is also assessed and measured at level one of the supply chain based on SCOR model through the metrics of perfect order fulfillment; at level two through the metrics of perfect order fulfillment, delivery performance to customer commit date, accurate documentation, and perfect condition of order (Stephan and Badr 2007) . Level three of the supply chain under study also has minor and more detailed metrics for the assessment of the above-mentioned metrics. It is possible to calculate the reliability rate of each loop of the broad chain under study during different pre-scheduled time periods. In order to measure the reliability rate of the whole supply chain under study at a certain period of time, first, it is necessary to identify the type of the supply chain formed in one of the five positions-series, parallel, series/parallel, parallel/series, or composite, and then, based on the reliability formula of the related system, it is possible to calculate the reliability of the whole system at that period (Haj Shirmohammadi 2002) .
In comparison with previous studies, by calculating reliability measurement metrics in different levels of the supply chain and identifying the impact value of each of these metrics on variances of reliability criterion in different periods, this research has been able to offer a new method for prioritizing decreasing reliability factors in a supply chain in order to reduce their effects. In addition, this research is a case study in Iran which is suitable for computing reliability of supply chain for Iranian organizations.
Case description
The case study provided in this paper is that of Tabriz Iran Khodro Factory (TIKF) and its suppliers and sale delegates. TIKF is a car-producing factory.
Review of literature
The scope and boundaries of cooperation among the constituents of the supply chain include various activities of which predicting the amount of the material needed, ordering the raw material, processing and carrying out orders, supervising the transport services, distributing the final product controlling the bill, and reviewing payment mode can be cited as examples (Bozarth and Handfield 2007) . Figure 1 shows the main activities of the supply chain.
The existence of fault in meeting the needs and expectations in every part of a chain causes the progressive increase in problems, and defect in one part of the system creates problems in other parts. This chain-like state prevails and creates even more problems. One of the key indices in increasing the competitive and qualitative power of the products and production services of organizations and institutes is creating and establishing reliable relationship with the chain of providers and suppliers of raw material and primary parts, and the careful assessment of the reliability rate of these relationships. The success or failure of each supply chain in the market is eventually determined by the final customer or the consumer. Thus, in order to establish a successful new relationship in the supply chain, assessing the reliability of the relationship is among the crucial factors in this field (Xujie 2009 ).
The SCOR model, which is a means of analyzing and configuring the supply chain, was devised by the Supply Chain Council. It was established by the Institute of Advanced Manufacturing Research, PRTM Counseling Company, and more than 65 major companies. It currently has over 850 members around the world.
The SCOR metrics are applied in relation with operation attributes. Operation attributes are the supply chain attributes through which it is possible to analyze and assess the company's supply chain strategy at each level separately and to compare it with other strategies. The metrics of level one are systematically divided into five classes, i.e., reliability, flexibility, and responsiveness, which are customerfacing attributes, and costs and assets, which are internalfacing attributes (Table 1 ; Supply Chain Council 2006).
Each of these metrics is further divided into minor metrics at the lower levels of the model, which are codified according to the format below (Table 2) . This is an easier way to eliminate errors during activities such as benchmarking of the supply chain and the like. The metrics' number format is XX.y.z, in which y is the metric level, z is the specific number, and XX is the operation attribute.
The possible values for XX include reliability (RL), responsiveness (RS), flexibility (AG), costs (CO), and assets (AS) (Supply Chain Council 2006) . The operation attribute is the reliability of the attribute under discussion in this article. The codification and calculation manners of each metric at the three levels of reliability attribute have been shown in Tables 2 and 3, respectively.
As mentioned before, a system usually consists of a number of constituent elements, or a number of smaller systems, or subsystems; the juxtaposition of which as well as their dependence on each other will influence the reliability of the system (Han et al. 2007 ). The constituents of a system are linked to each other in one of the five positions: series, parallel, parallel/series, series/parallel, and composite. Table 4 shows the structure and calculation manner of the reliability of each position.
At present, the subject of supply chain is of great interest among the world researches and articles in this regard. These researches include introducing various types of mathematical models, different managerial techniques, methods of control, and other topics concerning industrial engineering and management, especially supply chain management.
Some of the researches are as follows: Jabbour et al. some of which can be cited here. Liu et al. (2007) studied the performance of the supply chain in relation to assessing its reliability. Huan et al. (2004) developed in a case study in China a collaborative supply chain reference model. Hezarkhani (2006) focused on the promotion of supply chain performance, using SCOR model. Ren et al. (2006) suggested a framework based on SCOR model to manage supply chain performance. Satitsatian and Kapur (2005) devised an algorithm for reliability bound computation to assess supply chain networks. Shepherd and Gunter (2006) developed methods of determining supply chain reliability for a probable computation system based on the theory of reliability. Manavizadeh (2005) presented a system of measuring the performance in the supply chain in order to establish genuine production. Lockamy and McCormack (2004) examined the link between planning methods in the SCOR model for supply chain performance. Zarei Yaraki (2004) studied sharing information in the supply chain of the country's automobile industry. Riazy (1997) devised a decision-making method for evaluation, selection, and development of suppliers in supply chain management. Azimi (2001) focused on measuring supply chain performance. Teimouri (1999) expanded the model for suppliers' selection and distribution from the standpoint of supply chain management.
Research scope and data collection method
The supply chain structure shown in Figure 2 is a sixstage supply chain whose function is providing raw materials from the supplier, producing the product, and delivering it to the final customer. The first through third stages include the suppliers; the fourth stage includes the producing company, and the fifth and sixth stages include the primary and final customers. The research population and the research scope involve the second through the fifth stages. Since the main focus of the research is to study the reliability rate of the supply chain, the research method is descriptive, and in order to obtain the desired result, a combination of library studies including review of the available documents and evidence has been done.
Research model
If the chain under study is divided, based on the inter-stage relations, into three parts A, B, and C and each part is considered as a subsystem, then each of the created relations in each subsystems A, B, and C Adapted from Stephan and Badr (2007) . Table 4 Manner of calculating the reliability of different positions in a systems
To calculate reliability in composite complex, first, a system must be divided to more subsystems, and then with the reliability computation of lesser subsystems, reliability of main systems is computable.
Adapted from Haj Shirmohammadi (2002).
Figure 2 Supply chain structure.
will be shown by the symbols a i,j , b t , and c r , respectively. Symbol a i,j serves to transfer order from the secondary supplier to the primary supplier; b t functions to transfer the order from the primary supplier to the producing company, and c r serves to transfer the order from the producing company to the primary customers.
In subsystem A, in case of failure in providing one kind of order from a secondary supplier for any reason, it is possible to obtain the order from another secondary supplier; thus, because of the inability to provide one kind of order, subsystem A will be inefficient. Therefore, in subsystem A, different types of orders are reciprocally dependent, while the suppliers of the same kind of order are independent of each other. Thus, a i,j forms a series/ parallel structure. Likewise, in subsystem B, in case of inability to provide one kind of order, subsystem B will be inefficient. Therefore, in subsystem B, different kinds of orders are dependent on each other. As a result, b t forms a series structure. However, in subsystem C, in case of inability to transfer the order from the producing company to a certain customer, subsystem C will not be inefficient; rather, it will be inefficient only if the transfer of order is not done to any of the primary customers. Thus, in subsystem C, the primary customers are independent of each other. As a result, c r forms a parallel structure (Figure 3) .
In this paper, in order to analyze the supply chain reliability based on the SCOR model, the reliability evaluation metrics are calculated at 12 different periods of time, with each period considered to last one month. The threelevel metrics based on RL.y.z format have been shown in Table 2 . Therefore, in order to obtain the values of the three-level metrics and to analyze the reliability of the whole chain, the RL.y.z values should be calculated for each subsystem (A, B, and C). Thus, the reliability of subsystems A, B, and C will be calculated through the relations (Equations 1, 2, and 3), respectively:
In those relations (Equations 1, 2, and 3), the following have been defined: RL.y.z is the reliability of the metric number z from level y. a i,j is the subsystem transferring the order type i from the secondary supplier j. b t is the subsystem transferring the order type t from the primary supplier. c r is the subsystem transferring the order to the primary customer r. y is the number of the level (y = 1, 2, 3, . . ., p). z is the number of the metric (z = 1, 2, 3, . . ., q). i is the number of the order type transferred from the secondary supplier to the primary supplier (i = 1, 2, 3, . . ., k). j is the number of the secondary supplier (j = 1, 2, 3, . . ., n). t is the number of the order type transferred from the primary supplier to the producing company (t = 1, 2, 3, . . ., l) r is the number of the primary customer (r = 1, 2, 3, . . ., m) Now, with regard to the fact that subsystems A, B, and C are the independent and serial subsystems of the supply chain under study in this paper, in order to calculate each of the three-level metrics of the whole system, which is shown by the symbol RL.y.z T values, the formula for calculating the reliability of series systems is used: RL:y:z T ¼ RL:y:z A Â RL:y:z B Â RL:y:z C ð4Þ
Discussion and evaluation
In order to obtain the values of the three-level reliability metrics in different months, at first, the values of RL.y.z were separately studied in each subsystem (A, B, and C). The RL.1.1 metric values in subsystems A, B, and C for 12 months are shown as an example in Table 5 .
Next, by putting the metric values of each subsystem in the relation (Equation 4), the required value of that metric in the whole supply chain was obtained. The values of these metrics are shown in Table 6 . In the last column of Table 6 , the annual average of the reliability metric values of the whole supply chain has been given.
As is seen in the diagram of level one in Figure 4 , in Shahrivar, Aban, and Esfand, the reliability rate regarding perfect order fulfillment shows a relatively low decrease as compared with the related value in the previous month. The reason can be understood by having a glance at the diagrams of levels two and three.
It is seen that in Shahrivar, the reliability is concerning metric (RL.2.4) at level two; at level three, the reliability is concerning metrics (RL.3.6), (RL.3.8), (RL.3.9), and (RL.3.11) which show a considerably sharp decrease, which causes the decrease in the whole supply chain reliability in Shahrivar. In addition, the decline in the rate of metrics (RL. and (RL.3.8) at level three has caused the decrease in the reliability metrics in the whole supply chain.
Conclusions
The reliability attribute is one of the most important means of measuring and assessing the performance in supply chains. The main purpose of this article is to investigate the reliability measure of the supply chain under study. The data applied in the research are the outcome of library studies including the review of evidence and documents. At first, the supply chain under study was divided into a number of stages, and the relations developed among these stages were studied based on the transfer of the order among the stages. Further, according to the relation developed among the different stages, the supply chain system under study was divided into the three subsystems: A, B, and C. Based on the configuration of the elements, the type of subsystems A, B, and C was then determined. Finally, based on the formula of calculating the reliability of compound systems, the reliability of each subsystem A, B, and C was calculated, according to which the reliability of the whole supply chain was assessed. The main conclusions of the research are as follows:
The existence of fault in the unloading documentation, the existence of damage and defect in some orders, and the return of reliability warranty time caused the decrease in the reliability of the whole supply chain in Shahrivar by 0.01. The existence of fault in the loading or payment documentation, the existence of defect in the orders, and the return of some of the orders during warranty time caused the decrease in the reliability of the whole supply chain in Aban by 0.013. The existence of fault in material and quantity, inability to deliver to customer commit date, inability to deliver the orders at the accurate location, the existence of fault in the loading documentation, and the existence of defect in some of the orders caused the decrease in the reliability of the whole chain in Esfand by 0.021.
